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FHAT (NT)., FE4IS RNA [R5 K4 IE 4 RNA (IncRNA) FIf/h RNA (miRNA) ] K £ ik
SR, i M A TRE, 35 SCsEBae iy, dhmgmshEmasitiGnBesE, |
HHET A1k, #IJCXE T PNIH SCsiE B fe 1 IR & M HHAE VL M R0 5E . MW ECM., NT . k%
5 RNA Fl 53 7 %5 75 T 3 G0 4578 PNIE %0 SCs i 7 fE 1 19 46 Fh R 2 R HOAH 56 1945 5 5% S0d 1%
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Research progress in role of migration of Schwann cells in
repairment of peripheral nerve injury

LI Wenxuan', ZONG Minru'+*
(1. Department of Medical Technology, School of Nursing, Jilin University, Changchun 130021, China;
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ABSTRACT Peripheral nerve injury (PNI) is a common neurological disorder. As the primary constituent
cells of the myelin sheath, Schwann cells (SCs) play a crucial role in the repairment process after PNI.
After PNI, the SCs are activated and rapidly migrate to the injury site, forming a neural bridge that
connects the proximal and distal stumps in conjunction with the endothelial cells, the extracellular matrix
(ECM) , and the fibroblasts. This bridge provides a pathway for axonal regrowth and guides axonal
regeneration. The ability of SCs to migrate quickly to the damaged nerve site is a key factor influencing the
formation of the neural bridge. The ECM, NT, non-coding RNAs, particularly long non-coding RNAs
(IncRNA) and microRNA (miRNA), and various transcription factors regulate the migratory capacity of the
SCs through multiple signaling pathways, thereby affecting the repair of PNI. However, to date, there
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has been no systematic study on the factors influencing the migration of SCs in PNI or their underlying

mechanisms. This article comprehensively reviews the various factors affecting the migration of SCs after

PNI, including the ECM, NT, non-coding RNAs, and transcription factors, as well as the related

signaling pathways. It aims to provide the basis for systematically understanding the role of SCs in

PNI repairment and to offer the reference for comprehensive analysis of the repairment mechanisms

after PNI.
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A JE #h Z B A5 (peripheral nerve injury, PNI)
JEMR AR WIS, R M . B B
92 SO S, HE I R B R Ry Bl 28 45 A 1Y) AR
Iy R R L ek . HEERAN M (Schwann
cells, SCs) fEMIMNEAMZL RS (peripheral nervous
system, PNS) By EZAMMIEAL, 7 PNIFEE
A AR R AR, SCs it PNS 40 i £ 7096~
8070, &L 5 AP SR —— i S R Y 32 2L 2 AR
WAy, 2 SRR R g h s ik . JE 4
WM E, SCs£x &y RAVFLALIF PG, 73

St A0 R DR I | IS W A L, 3 Bl R R
BEE R, WS SCs e R m i B ae )1, 2
A2 A5 A 28 328 g AT S 9 SCs VR ) %) 5 1 % IF I
G, JEROCH R sy, Sl SR A, s
PG EE B R EEEEH ., ik SCs
i 5 30 i % i 20 A ELAE T, R AR R 58 ik Y
AR B R PN FEE AR KB R
X B &HHB
melanoma protein B, GPNMB) ik i, {2t
SCsiE# . HEARMFR SCs th CD146 & (1 £ KR AL 41
B 1 PE AR RE 7, HHIBEE L TR

PNIMEE h, SCsAThZ LM R FE,
Mo 4h & i (extracellular matrix, ECM) ™ | 4 /)
RNA (microRNA, miRNA) ' K45 IE 45 RNA
(long non-coding RNA, IncRNA) "' Fil i 28 & 3% [H
F (neurotrophin, NT) ' &, Huj#Fs¢ £ 2L
TARVFIZZE 43 W] 38 o 4 455 SCs 1 5 F1 8 1k 55
o, #EMTE PNLG R RSB EER, BXFSCs
TEAN 245 005 J5 18 52 2 7 v i B8 BE 7 1 52 i B AL )
B S EEPEHE B, i 2 XA 56 205 5 3l R i
FHF RGN AL . X ECM,. NT. miRNA
FlIneRNA LA 45 5 5 A7 X PNTJS SCs 1T 7 /9 8
Wi e HAIL M 647 2538, RV 8 SCs i 1 PNI
R e .

(glycoprotein  non-metastatic

Peripheral nerve injury; Repairment; MicroRNA;

1 SCsIEREPNIESEFHER

1.1 Az2f#E Ehimad, BERSCsH
PR . ECM . 1l 21 4 20 A 0 I 45 20 A 3% 2 3
I B v PR B (AL FR R Bungner 47 ), Ok Al €
AR FER AN L B b, SCs &% ECM
W SRERS, AL LHS A . ER R
2K, MathBE g, hR Al T g
S . PN R 2 Rl 2 SIS AR A, HE b R A
JL AT MR A M B R B £, 2 T5 %05 AR 3 R AT,
DA B2 44 A S8 30 R 7 i i) 22 A TR ORI, oS
P ALY 202, TR PR AE L A R LA T
o, AR A A R A T 5 4 K AT IR #
ok I ity A IZ8 il 1 25 R i ) SCs M MR iR R, OF
T RIS Tl NHESIE L SCs %, 1 SCs
R HE A5 5 TR B 2 R T 1 2 A
1.2 R#tHRFLE SCsES FHAMER TS MH
25 M B 35 328 v i 28 Bk vty TR EOCE EAEH, e
SCs B 51 AR, FAE il 22 W) JC 7 o 1 b 1) 322 s 5%
Vi 75 ) A K AT S G i L L Y e 2 A
283 B, SCs [n] 378 4% i 1 B8 1) S 1 FRUAR W 2 58
A, (H R0 5 55 5 KT UG, SCsiE & ik
JEAE I TR AR RS 6K, TR SCs
SWMETHAME L, 51 9MRFI B,
1 1) 3k d7 v p 2 AR s 0 L SCs iR RE 4R R il 28 AT
i B, CHEN % ' 78 /N BB A fF 5% b 2% 3R
W SCs 7157, BEMLAE Y b 58 A= K 3 B2 B KA
85. 7 ym, HELZJrmItk; SR, 76 SCsAE M & i
IR BL T, Al g 2R K B B i 3 A5 K 433, 1 pm,
SRR Y R —E

2 EIMSCsEBHEE

2.1 ECM fEMHGEMIE St i, Z24idh & 4 H
20 M43 W ECM fE W] B ok 28 SCs B &S, iz K
IR s HE RS RE 1, I 02 5 A 20 h gk ) HE
SITTIE A%, (R dEZ e B2 . SCs ko5
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FEWEFE ™ WUESE ECM 7E 45 SCs 3R A vl 7 2 AF
M, AT B ECM A] RLs S oK [A] 3 88 3 B2 1Y
SCs WA B NPEMRKIEE A (recombinant
humanized collagen Il , rhCol ) 4k — Fh & %
ECM #4r, nI 458 SCs BB . 4 BURIT 7 fig
M 5 %% T rhCol [ AYRF, SCs iy 284 K 7 I
fisi VR P #2208 F2 I F (brain-derived neurotrophic
factor, BDNF) (3R H W8I m, 1 R K+
BUESE AT R SCs IR RE ) . SCs HECM Z
B] 75 BiF By o B2 b, &7 48 3% 2 45 1 (fibronectin,
FN) J&CHES . RN 5255 ifF 5% R B
RSCI6 4 il 1 ) Sox2 K 7 B 4% 42 il RSC96 1 i1y
FN Ik FLF i A n, DL 3 JL A ZURN b 58 5 1) Ak
Ko Wi 0 R0 EEERA (laminin, LN) if
FSCsixBMaE M B m T NVREEEAEA., Wik
SCs Z [a] 55 i fif 1% 45 AH OG22 1 SCs H B Rk 1Y
P P XY HE 2 (sex determining region Y-box 2,
Sox2) #% 5 K F ¥ 0] $2 ) SCs i #% K Biingner £
B R R 2 v 2 5 43 W B ECM I AT 4
0TI 4y Ry e R A Sz s R A, A R 2 A Y AL
2 A 20 M T 5| T 5 2R [R] A vt e A Bz Bl 3R A
SCsit# .
2.2 NT BRI SCsH 4 fa nl B fhk
£ FF (nerve growth factor, NGF), BDNF, ##£
JBE Jo 440 i 5 p 228 3R 7 (glial-cell-line-derived
neurotrophic factor, GDNF) Fl#f £ & 3= H F 3
(neurotrophin-3, NT-3) A57E N 1) 2 Fl b 488 5%
T Kot & K F 2 K (nerve growth factor
receptor, NGFR) (K p75NTR) "™ Ay £k ifif
NGF Fl GDNF ¥ ge {2 i#f 1k 41 85 52 SCs 1y i 78 Fil
84K Y, {A BDNF Xt F SCs i 8 11 5% Wi ¥ 17 5
Wo MINSE Y BT 878 . BDNF 7 HE 38 SCs 1 3
FEIRE ), EXHAERRE I L . ADAM %
W W . GDNF Ak SCs it R%, H X B P it
41 i 5 A% JC 5 . BDNF 0] B & 42 ik 5L 1 Jie i 4
JitL (% 3 Ak RN AT B8 ED A0 SCs iE B8 . LIU %6 0 Al
LI% ™ W58 7R . KB SCsHh BDNF Rkl 452
UG R A E 4 miRNA B, 24 BDNF #4 i
Ja, SCsiTARESIMBIFFAL. Pitt, BDNF Xt T SCs
A% 0 52 ATy e 2 — 2R A

NGF FlfiL& N A= K A F  (vascular endothelial
growth factor, VEGF) I LA75 5087 Az 145 T B b pf
A, 2R AR K ] B AR i SCs 1 #5 F e

G . LIUS " #F5 R : VEGF FINGF #YiR
G AL SCs iR . L1% ™ NGF fl VEGF
B A KB o2 Jk oK BE IR
pDNM-gel)
MRS IRYT . AR RE . A AR
SCs i #% 1 J & PDNM-gel 0 . fin =% & fn
VEGF FINGF, A SCs H 5 S iT %, W 4
HEG T A A Mg A B AR 3 s Sh D K AL
TSUCHIMOCHI & ™ Fil F 28 Bz A1 5% 3 ok v gt 74
HAG YT R 28R e 2 6 W B 0, AT 84 A8 I 758 42
SCs I NT-3 By ik, I BEAE 7 #f 28 b W Ji5 1o 78
JER J2% 0 . i 1) ) BB AR 52
2.3 dE %A RNA  IncRNA7E 2 F A Yyt fE bk
FERWBAL | e SR S5 VR4 AE M o IncRNA /]
5miRNAZ A, ERSES NI RNA (competing
endogenous RNA, ceRNA) M, #5454
3l

PNI 5| & () 25 57 #3519 IncRNA 8% ik B 75 ##
sBE T REREREEE., MR Y XK. b
i SCs 1 IncRNA, @1 HOXD Jz S A= K AR 56 K Bk
g i RNA (HOXD antisense growth-associated long
non-coding RNA , IncRNA-HAGLR) | ¥ 40 i g 7%
S5 1K 85 E 40 i RNA  (plasmacytoma variant
translocation 1, IncRNA-PVT1) . Sox2 ¥t [H if
ik B sk A K BE AR 4 B9 RNA - (Sox2 overlapping
transcript, IncRNA-Sox2ot) . H19 £ & 4E % 45
RNA (H19, IncRNA-H19) . fR#§HHH & K85 E 4 i
RNA1 (metastasis-associated lung adenocarcinoma
transcript 1, IncRNA-MALATI1) F1BC088259 K #%
EH 5 RNA (BC088259, IncRNA-BC088259) 4,
B & U0 AR PR AR SR GA AR 3 K OEE AE g B RNA
(maternally expressed gene 3, IncRNA-MEG3) Hi
Az A BH W R 5 1 B kAR 5 (growth arrest-specific
transcript 5, IncRNA-GAS5) , ¥ 0] & #F SCsif
B U IneRNA-HAGLR# i | miRNA-204 3%
IEfEHE CDKSRIE &L ™, dEmife it SCsik#,
It b8 BDNF K HAR N 32 ik, B e ik R B2
B0l 2 52 Y. IneRNA-BC088259 1] 5 i T
A CEAE R OE ] 8 4% SCs i . IncRNA-
MALAT1. IncRNA-PVT1 il IncRNA-Sox2ot #£
ZZ W IR B SCs th RIKHT R, 40558 FrtE4s &5
7] I # miR-129-5p . miR-214 Fl miR-9 2 ik ifij 2
HESCs L% 0 2 KA B W& Z B0 51

(porcine

decellularized nerve matrix hydrogel,
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FLHh A PEI ], IncRNA-H19 78 SCs i Jii if 3% |-
P, R SCs iR, HES THERM LM
AR, BEHS R, FENG 28 ™ 40 x Al 68 f
T IncRNA-H19 1% 15 5 & 6D Ir 8, iR 2 i
A6 B R 22 SCs 1 IneRNA-MEG3 J5 , 4 i 3 A
PTEN % ik 8¢ #0 1 , % B8 Bt ML B 3- 3% i
(phosphatidylinositol 3-kinase, PI3K) #Fl1# H ¥ B
(protein kinase B, AKT) % ig 1k 42 i 32 41 1 i
2 SCs it # KAz A K Y

B T AR HE SCs 3T # B9 miR-3099 " A1 91 il 1T
F 1) miR-1b, miR-497, miR-129-5p, miR-214 K&
miR-9 Z 4k, miR-148b-3p. miR-29a-3p. miR-497,
miR-328a-3p Al miR-195-5p th A §Z 1 SCs AY 1T #2157
Mo PRSI % 5% O Y SCs o miR-148b-3p
Fikw >, ZHANG % ™ Z 8. M miR-148b-3p
R SCs iR . 7E 32 1 45 19 A 1 #h 48 rh miR-29a-
3p. miR-497 il miR-328a-3p % ik b =
M SCsiE# . miR-29a-3p i 1 11 1] ¥ 5 &b i 6
#5 #5 11 22 (peripheral myelin protein 22, PMP22)
K0 SCs 15 P U0 miR-497 3 i 4 fil BDNF ik
KA H SCs T MATERES, LI ™ LB X
JBR 2 AT P45 miR-497 X BDNF 520, 30 il %1k
JOF T AR R A ] Ak 22 45 05 K O . miR-328a-3p X
FE PNLJG 5 1 RS 14 KI5, WMisE 4~7 KA
B @ A5 4L 97 miR-195-5p % SCs 54 5 F1 3T # 1Y 5%
Wi 58 A AR, AE AR 2 2 i 5, SCs i miR-
195-5p F iR PR, B8R SCs Ay 14 FH 8 1 2090 i AT
F, 14 miR-195-5p id Fakmf, FAIH B

3 AESCsIERMESER

3.1 #mpef X A jun(cellular-Jun, c-Jun){s 5 @& %

AR PRz R, SCs Y e-Jun {7 5 38 1% 4
HOE , BE SCs Hh 2 BN 4y F 2R3k, BE R
SCs iy i 2, W W IaE SCs ML R ae S " ¥,
SCsH & &2t AR H 61 (cysteine-rich 61, Cyr61)
Al Semaphorin3E # 1 ", B0l | c-Jun ik,
E#ESCs TR . Hih Cyr61 i it avp3 # 4 &K 1ii
A5 c-Jun 3K Y, 1 Semaphorin3E £ 1 1 i
Mg E A 1L, M NEH DA N R4
KA 320K 2 58545, MREE A 40 Wb s 5% 7 WAL 1
P c-Jun 3 vk Y, B, A AR PNTS M)
B P REEEER . WANG S ™ i oR: A
HMEBEE BT, &P CoFRIL TN H(E L
SCs B MK .

3.2 % R % # %8 (Sonic hedgehog, SHH) 43 % i#
¥ SHHJZ PNIJ5 & & #2 b iy G815 5 00 7,
FR R KA S 240005 5 R BE 1A, JF0E SCs
Hc-Jun {5 530 8% Y, DTS2 B X SCs i 8 11
o WEgE ™ ok . PNIJE R0 SHH 3£ k385,
S EEE KN VA=K Y NN R I E KN
n] fEE o 2E B EE A (Protein kinase A, PKA) /5
e REZ G20 HLH #EFR  (mechanistic target of
rapamycin complex 2, mTORC2) il # & 12 /] 17
SCs 1 1 B FI4H IR (1908 B, i I A i il 08 &2
1M 45405 ) 3 SHH 2R3k B A%, HO2 75 22 21 15 90 i ik
5 T A fom BRIy, T HE— g . A
MEE-FSHMaEASIBENERE S T,
PAN 4 " WF 58 w4 R Kl of SHH {5 53 i
PR SCs WY IGFE LR , KT i 4 28 &= AT B Bl 4id
HE/N B PNT & & i RE

3.3 "HEL3HE v E & &G (mammalian target
of rapamycin, mnTOR) A X 45 5@ % mTOR Al il
SUIE AR =il o | A o S R A 1 e R B LT
it . PNIJG, SCs* i 4 J& & H # 9 (matrix
metalloproteinase-9, MMP-9) #ik F#, 1% SCs
T mTOR, 51%& SCsARH & 4 2, 15 SCs i 1
B3 A ot N~ SA S SN (1) | NS 23 O T 2=
MMP-9 7] fill i SCs ] Z it FR AL TR, 7E M & 4014
JG4M7d, MMP-9 325 4] SCs i % i 85 B 8 K T
X HRZH 7 PISK/AKT/mTOR {5 53 % /& mTOR
3 45 5 3 2aE #%, PNIJE 2 1k W N PISK/
AKT/mTORE 53l #p0s , (HAES )5 18R
AR ) 1E K Y. TAKAKU 28 Y BP9 R -
36 FE TR KX 5 AR b 22 4T Bl 28 o8 RK B SCs 19 AT 25
VE I 9 PISK 90 i 500 98 B, 9% UE 1 PISK/AKT f&
5l % 7E SCs 7716 | 3 B FIE B TP b & 5
EH . PTEN 0] i 1] 38 15 AKT/mTOR {5 5 i #%
(36 M, R U O R T 4l A 3 44 v 1) miR-22-3p Al
] 45 800 AKT/mTOR 538 i, 158 SCs YL
et .

3.4 5 M4 F R B X & F B T (signal
transduction and activator of transcription, STAT)
AEMMEBB JAK-STAT & I A S 5 40l 1
B oAk AT R IET, RS MR g
SEDIA S U, FE R A S N R, KRR L
T STAT3 M, X T SCs [ /- W E 15 5 MR
AR BERMOGIE R LGRS R
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STAT3 A FH R A RHE . BE M SCs 1y K
T 7 ) TG vk R 2 3 3k DA R it B it 43 W6 1Y) GDNF
A BDNF 3 /b

PAN 4 PU s s . FH exendin-4 35 3% SCs
J&G, M JAK2. STAT2#1 STATS3 W 1k /K
SEREN, BN JAK/STAT {5 53 #%, gk SCs it
o Runt 1 K54 56 1 3 0] 8 DNA H L5 B i 1
M. WU % LB, Runt A 565 3 W1 376
15 A6 B #2220 U SCs w1 K BT 8 8 T BT R

9, FRAESE T RN AR, Hoad 3Rk Al s JAK/
STAT {5 5 8%, {2uF SCs T B I Hl FH 1=

ZENG 4§ Y BEoE SR o WUE M T 40 i A 2 4 e 4
i SCs it , Al BEJE B T AN AN & A 1 miR-214
AL SCs i PTEN SE K 3R 35, #E M 306 JAK2/
STATS3 %,

3.5 WntfE5#E% Wntfs 5 8 K12 4 H

P2 BT, 7E SCs 4L iE RS . il o ¥ RN
Mzt A EEEERD Y, B-EREA

(B-catenin) J& Wnt {5 Jl_ﬁﬁrhlﬁ']i‘fﬁ?w?xﬂlfhﬁ
F, Al Wnt 2 Fh A B BN . 4 UTER SCs
B Celsr2 & A J5, Wnt/B-catenin {5 7 i #% 52 21| i
i, 3 PEL AT SCs Y EE R ™. Wnt/B-catenin {5 5
PR ] e 25 SCs AN AR X AL AR 15 /5 5 A ph 22
T EYLRAPAE T, TR DG TR AS (5 RE 4 i S0 WA A Y
PRyFE T, R B 38 BE 410 ] Wnt/B-catenin i #% T iff
HEMERSL

IR EEnEMETF

FOS #4151 (FOS-like antigen 1, FOSL1)
5 J&] Bl pf 22 55 5 45 0 7 062 /9 SCs b | JE R 5
FOSL1 4454 T SCs 2 1A 45 11 1% 2 IR M 58 B2
WA s+, LS # koK F, AT IE 19 8 4% SCs
3T A% 7 . A B 4 MLk B T T1A (B-cell
lymphoma/leukemia 11A, BCL11A) IE[a {44 SCs
MG PE RS RE ), HRGA 7J(—T|ZT§TFFH$I?$QXE'J
SCs i o, I 7T 6858 i 45 & JF OS2 32 AR T
KW 24 F W b1 2 (nuclear receptor subfamily 2
group F member 2, Nr2f2) fJH3h+, 4 dF H %
ik, DT SCs R . FE JE /N BRUAk
CUEZ N vl 2o S I TOT S S = 11 R | S I
(leukemia inhibitory factor, LIF) Fl§% 3% F SS18
B 1436 B ™, A LIF fuii 1y SCs i .
00 %% sk PR~ SS18 FE 2 1 1 I AT i i SCs 3 4 (H
MR Y BT Y R e N ERAR B R

4 FImSCsit

Jei . HAR A5 BT A8 i 1Y SCs i ¢ 1k Bl 2T 2 40 it A
A F 5 (fibroblast growth factor 5, FGF5), Z%HF
SRR A AN B A 9 S B 1/2 (extracellular
regulated protein kinases 1/2, ERKI1/2) Wik, 2
Al B NS5 R8T (N-Cadherin) (3R 3L, i
PE SCs 1y I #S M B, CHEN % ) B3¢ BoR : &
KA F XA E A (amphiregulin, AREG) & — Fh
HEMNT, SCsnllid & miz&Er, fesiasr
1A Z B 22 i ARG, JF IS ERKL/2, I
SCs i #8 I1-TE L 40 L o

5 NESRE

SCsiEBAERMEE TR T RAEZEN, IR
AR SR A AT M, el B & SCs 1Y 3R 8 R ) i (2 F
A, TR PE PNUR B E M 2 ohiE E i A
HEEZEX., Hr, X SCsEMLBEdRPT%
YEHIR L B A IRARFGE . X SeiFsy EEE R i
& B F (c-Jun. Wnt 1 mTOR) Pk }2 STAT/JAK-
STAT {55 %, HAE W SCsit % e e fE
FH o 450493 J5] L4 B0 T A 8 ) Ak S 5% R 28 O 5 A% PR
2, WAES S RNA, X SCs i # g J1 /= 4= ]
WM L WOE SO R T RO E S, YR
& SCs iE# Be J) M ph 2 45045 i 18 2 o 1 B &
BN R LR T RE S T s
R EAARER, DR R RS & 35T 9 1E
MU, X T GEAL X o J8 d 2 358 40518 52 00 1 LI (14 3
it LA S IT & 1 F P83 SCs i B iR IT kg By &
BN BRI, iRk, B
Bl UE S0 F A i2F PN 9 b 2 R PR 8 52 AT AR
YER O fEsh il RU A AR UK G2 2h A L
T A, REUSH R AR R Y R
W5 5 1 A~7 d S SCs BB 1 ST 3 . B 25 ALY
Y5 BE % W L B R A7 B AL E Bl 4 b SCs 1 B R b
ERK1/2 & K, {2z migl . ERK1/2#
WA A 2 CE 2, BREHIM SCsiE#
#ﬁ%ﬁ%%ﬁ Xof T b 246 52 3k TR g g T Y

BB BT SCs B MW 7 52 (B A5 6, H
Ewa&ﬁf%ﬂﬁﬁﬁ&/o%%%ﬁﬁﬁéﬁ
R8sl 7 1 W] 50 SCs BT 7 F0p 25 72 1) B
WHLH, A TFhibisshRE r%, H— PR
PNIIRIT B -

Tl SRR
A A P RS AT ) i o8 o
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